Although previous studies have shown that sleep can inspire insight, it is still unclear whether meditation can promote insight. Meditation differs from other types of passive rest such as relaxation and sleep because it requires full consciousness and mindfulness of targets such as one's breathing. Forty-eight university students without meditation experience were recruited to learn a simple meditation technique. They were given a list of 10 insight problems to solve (the pre-test session). In this study, we focused on the unsolved problems and examined if they could be successfully solved after a 20 min rest interval with or without meditation. Results showed that relative to the control group that listened to Chinese or English words and made a language judgment, the groups who learned meditation successfully solved significantly more failed problems from the pre-test session, providing direct evidence for the role of meditation in promoting insight. Further analysis showed that maintaining a mindful and alert state during meditation (raising a hand to report every 10 deep breaths compared to every 100 deep breaths) resulted in more insight regarding the failed items from the pre-test session. This implies that it was watchfulness in meditation, rather than relaxation, that actually contributed to insight. Consistently, in the meditation session or control task, the percentage of alpha waves-a brain index of mental relaxation-was negatively correlated with insight. These results suggest a meditation-based insight-promoting mechanism different from that involved in passive rest such as relaxation and sleep. 
It has been shown that sleep can significantly increase insightful awareness, for example, discerning a hidden principle needed to solve the Number Reduction Task (NRT) [1] . However, it is still unclear whether meditation can promote insight. This question deserves to be explored because meditation differs from routine forms of rest such as sleep and relaxation in that one's attention is actively focused on the present state of consciousness [27] . It is widely believed in
Asian cultural traditions such as Buddhism and Taoism that meditation can lead to insight.
This study recruited undergraduate students without any previous meditation practice as participants. They were taught a simple method of meditation and were then tested to determine if application of meditation could promote insight. Different from Wagner and colleagues' experiment that adopted the NRT [1] , we used 10 typical insight problems [8] . We first instructed participants to try to solve these problems one by one. We selected the unsolved problems for each participant for later testing. Then, we required participants to engage in either 20 min of meditation or a control cognitive task. Finally, participants were unexpectedly re-administered their unsolved problems from the first session and asked to re-think and solve these problems. The key hypothesis of this study was that participants who had learned meditation would be more capable of insightfully solving the unsolved problems.
To specify how meditation promotes insight, the effect of meditation with different levels of alertness and awareness was examined. These levels were manipulated through changing the frequency of self-reported (by hand-raising) number of deep breaths. During meditation, participants were required to clear their minds, focus on deep breathing, and count number of breaths. In the M10 condition, participants were required to raise their hand to report every 10 breaths. In the M100 condition, participants reported every 100 breaths by raising their hand. Both M10 and M100 met the criterion of meditation, but relative to M100, M10 participants stayed in a more alert and awake state because they were required to frequently report their number of breaths.
During the meditation and control cognitive task period, electroencephalograms of participants were recorded to monitor and evaluate mind-brain states. Some EEG indices, such as percentage of alpha waves, which indicate level of mental relaxation, as well as the score of i22 related to attention focus [9] , were considered in obtaining crossdomain evidence for the efficiency of our experimental manipulation and for suggesting possible mental mechanisms related to how meditation promotes insight.
Materials and methods

Participants
Forty-eight healthy undergraduate students (23 males, mean age 23.3 years) recruited from a university in Beijing participated in the study. They were randomly assigned to three equal groups with balanced male/female ratios: meditation group M10 (reported every 10 deep breaths), meditation group M100 (reported every 100 deep breaths), and the control group. There were 16 participants in each group.
Materials
Fifteen insight problems that met the criterion of cognitive reconstruction were used [8] . Five were used as examples in the instruction and practice session, and 10 were used for the formal experiment.
EEG recording and analysis
EEG data were collected by HXD-I EEG equipment (HUAXIANG Technology Company, Harbin, Heilongjiang, China). The collecting electrodes were located in the bilateral prefrontal cortex, reference electrodes were A1 and A2, and leading electrodes were located in the center of frontal sites. The frequency was 200 Hz, the time window for analysis was 1.25, the arithmetic stacking coefficient was 6, the input impedance was 9 Ω, the resolution of EEG was 3 MV, and the frequency band was 0.5-100 Hz. Wavelet analysis, spectrum analysis, and pattern recognition were applied in EEG analysis to extract the wavelet index. The main indices included alpha waves, i-35 related to relaxation and i-22 related to alertness. The latter two indices were developed based on our clinical and experimental trials and can be used as a reference index for common EEG data [9] . The EEG data recording for the last 15 min was analyzed.
Procedure
Meditation and problem-solving training
Before the formal experimental session, participants were taught Susoku meditation, which requires participants to mindfully control and focus on their deep abdominal breathing [1012]. In our pilot study, we found a cartoon computer animation very helpful for beginners learning the skill of deep abdominal breathing. Participants were asked to attentively and slowly take a breath in or out as the "inspiration fish" or "expiration fish" gradually and smoothly went up or down on the computer screen. Each round of inspiration and expiration lasted 7 s. After participants grasped the method of deep abdominal breathing, they were further instructed to attentively take inspiration and expiration breaths without the external aid of the computer animation (with eyes slightly closed). They were also instructed to do their best to be mindfully aware and disengage from any irrelevant thinking, free association, or feelings that might incidentally occur. During meditation, participants were asked to count the number of their breaths from 1 to 10 and then restart (the M10 condition), or from 1 to 100 and then restart (the M100 condition). They were also asked to raise their hand to report finishing one round of breaths (i.e., 10 breaths in M10 or 100 breaths in M100). The abovementioned training procedures as well as subsequent problem solving and meditation practice were conducted with participants individually. Participants in the control group did not learn meditation. They rested in the waiting room for the same period of time.
After meditation (the M10 and M100 group) or rest (the control group), all three groups were given five examples of insight problems for practice. Every problem was presented on the screen for a maximum of 3 min. If participants thought the problem was successfully solved, they were instructed to press the "2" button as soon as possible and then write down the solution. If participants could not solve the problem, they could wait until the problem disappeared from the screen at the end of the 3 min maximum, or press the "3" key to stop the presentation and go to the next item.
It was emphasized that participants should not continue to think about the unsolved problem once it disappeared from the screen. Participants did not know they would be given the unsolved problems later and would have to try to solve them again.
Formal experimental session
The experimental session included the pre-test, the interval, and the post-test.
(i) Pre-test. In the pre-test phase, participants were instructed to solve 10 insight problems appearing randomly one by one on the screen using the same procedure as in the practice session.
(ii) Meditation or control cognitive task interval. During this interval, the M10 and M100 groups were instructed to count number of breaths for 20 min, while the control group was instructed to complete an auditory judgment task comprising English and Chinese words. The ratio of Chinese words to English words was 1 to 6. Words appeared randomly with an ITI of 5 s. Participants were instructed to raise their hand when they heard the Chinese words and not make any response when they heard the English words. EEGs were recorded during meditation and the control cognitive task. In view of the possible unstable state of participants, the EEG recording for the last 15 min was analyzed.
(iii) Post-test. After the meditation or control cognitive task interval, participants were given the problems they had failed in the pre-test session and were required to try to solve these problems again. The procedure was the same as in the pre-test session.
Results
Behavioral results
Successful problem-solving rate
Problem-solving rate included problem-solving rates in the pre-and post-tests. It was defined as the number of successfully solved items in the pre-or post-test divided by the total number of items (total number of items in the post-test was the 10 total items minus successfully solved items in the pre-test). This step aimed to compare differences in problem solving ability among these three groups. An ANOVA showed that there was no significant difference among the three groups in problem-solving rate for the pre-test (P>0.05, Table 1 ), revealing that participants in the a) The M10 group reported every 10 breaths, the M100 group reported every 100 breaths, and Ctrl represents the control group. three groups did not differ in their problem-solving ability.
Our study was mainly concerned with the problemsolving rate in the post-test, which would suggest whether the intervention (meditation) exerted an effect on problem solving. Nonparametric statistics (Kruskal-Wallis H test) were used because the data for problem-solving rate in the post-test were abnormally distributed. The results showed a significant difference among problem-solving rates in the post-test (-square=11.414, df=2, P<0.005). Further analysis with the Mann-Whitney U test showed that the problem-solving rate of the M10 group was higher than that of the M100 group (P=0.051) and significantly higher than that of the control group (P<0.005). The problem-solving rate of the M100 group was higher than that of the control group (P<0.05, Table 2 ). These results revealed that (i) problem-solving ability of the two meditation groups was better than that of the control group, and (ii) the performance of the M10 group was better than that of the M100 group.
Response times (RTs)
First, we calculated the average response time (RT) for problem solving (including successful and unsuccessful tries) in the three conditions. Results showed that in the pre-test, the RTs in the three conditions were not significantly different and there was no interaction effect (P=0.381). Using RTs in the pre-test as covariates in the analysis, we found no significant difference or interaction effect among the three groups at post-test (P=0.792, Table 3 ).
Then, we compared RTs for successfully solved problems and abandoned (failed) problems among the three conditions. Results showed that the three groups did not differ in RTs and showed no interaction effect in the pre-test for both kinds of problems (P=0.325 for solved problems, P=0.830 for abandoned problems). With RTs for successfully solved problems or abandoned (failed) problems in the pre-test as covariates, the analysis revealed no significant difference or interaction effect at post-test (P=0.378 for successfully solved problems, P=0.945 for abandoned problems; Tables 4 and 5) among the three conditions.
EEG results
In this study, we examined the percentage of alpha waves in a) The M10 group reported every 10 breaths, the M100 group reported every 100 breaths, and Ctrl represents the control group. a) Participants who solved all problems correctly were eliminated from the pre-and post-tests and were regarded as missing values. the three conditions. A higher percentage of alpha waves have been associated with a more relaxed mental state. A one-way within-groups ANOVA showed a significant difference in the percentage of alpha waves among the three groups (F(2, 45)=4.144, P<0.05). Post-hoc testing showed that the percentage of alpha waves in the M10 group was significantly lower than in the control group (P<0.05) and showed a decrease in tendency relative to that of the M100 group (P=0.098). There was no difference in the percentage of alpha waves between the M10 group and control group (Table 6 ). This indicated that the M10 group stayed more alert during the meditation interval session. Productmoment correlation analysis across all participants in the three groups revealed that percentage of alpha waves was negatively correlated with problem-solving rate in the post-test (r=0.471, P=0.001).
We also analyzed i-35 and i-22, which are shown to be related to states of attention and general relaxation, respectively. Results showed there was a significant difference in i-35 among the three groups (F(2, 45)=6.516, P<0.005). Post-hoc testing revealed that the M10 group had higher i-35 than the M100 group (P<0.05) and control group (P=0.073), but no significant difference existed between the M100 group and the control group. This again indicated that the latter two groups were more relaxed than the M10 group. As for i-22, the results showed differences among the three groups (F(2, 45)=3.377, P<0.05) . Post-hoc testing showed that the M10 group showed a lower i-22 tendency than the M100 group (P=0.084) and control group (P=0.093). However, there was no difference between the M100 group and control group. This implied that participants in the M10 group were more mentally focused than the M100 and control group. The correlation analysis showed that i-35 was not correlated with problem-solving rate in the post-test, and i-22 was negatively correlated with problem-solving rate in the post-test (r=.403, P<0.005). These results indicated that a more alert and focused mind in the meditation or control cognitive task interval may have been associated with better problem-solving performance in the post-test.
Discussion
Our results showed that after 20 min of meditation or a control cognitive task, participants were able to solve some of the problems they had failed in the pre-test. This is generally in line with previous research on the role of incubation. However, participants who engaged in meditation solved more previously unsolved problems compared to participants in the control condition, thereby providing direct evidence for the role of meditation in promoting insight.
The following considerations excluded, or partially excluded, the possibility that the observed differences between M10, M100, and Ctrl conditions were caused by other unrelated factors. First, in the initial problem solving session (pre-test), there were no significant differences in solution rate and RTs among the three groups, thus excluding the possibility that the observed key differences were caused by differences in problem solving ability in the groups. Second, in the final problem solving session (post-test) after meditation or the control cognitive task, there was no detectable difference in RTs for problem solving among the three groups, thus excluding the possibility that the observed differences were caused by participants in the M10 and M100 groups having learned to be more patient and insistent on solving the problems after meditation. Further, we also calculated the RTs for the successfully solved items and failed items for the three groups. We found that in neither the initial session nor the final session was there any detectable difference among the groups. This excluded the possibility that the better performance of the M10 and M100 groups was related to the increase of participants' meta-cognitive ability in identifying the solvable and unsolvable items, thus ena-bling them to wisely spend more time on the solvable items.
Rather, it is reasonable to propose that the increased insight ability brought about by meditation may be related to the fact that the participants had maintained a more alert and mindful state of consciousness. First of all, participants in M10, relative to M100, showed a stronger tendency for insight. Although the difference was not significant, it approached significance (P=0.051). Secondly, there was a significant negative correlation between insightful problem solving in the final session and the percentage of alpha waves known to be closely related to mental relaxation. This implies that the more relaxed the participants were in the meditation or control cognitive task interval, the less insight they achieved later. Thirdly, the percentage of alpha waves in M10 was not only significantly lower than in the Ctrl condition, but also lower than that in M100 (but did not reach significance, P=0.098). Taken together, these findings imply that meditation promoted insight by keeping people in an alert and mindful state. This appears to be different from the possible mechanism underlying promotion of insight during a passive type of relaxation, like sleep, that does not require any mental effort.
